Introduction {#sec1_1}
============

Several lines of evidence indicate that the presence of end-stage liver disease increases the risk of developing hepatocellular carcinoma (HCC). The prevalence of cirrhosis in patients with HCC is about 80--90% \[[@B1]\]. Since HCC is the third leading cause of cancer-related death and one of the leading causes of death among patients with liver cirrhosis \[[@B2]\], screening for HCC in high-risk populations, especially liver transplantation (LT) candidates, has been recognized as a rational procedure.

Liver resection for HCC is possible only in selected cases due to the high incidence of morbidity and mortality in patients with cirrhosis and elevated portal pressure. LT for HCC has been determined to be a viable option for treatment since Mazzaferro et al. \[[@B3]\] reported their landmark study that presented the criteria which became known as the Milan criteria. They showed that when transplantation was restricted to patients with early HCC (radiologically defined as a single lesion ≤5 cm, up to three separate lesions, none \>3 cm, no evidence of gross vascular invasion and no regional nodal or distant metastases), a 4-year survival could be achieved for 75% of patients. These outcomes were similar to the expected survival rates for patients undergoing transplantation for cirrhosis without HCC. Later, several centers presented and analyzed their results of LT for patients with HCC in excess of the Milan criteria \[[@B4], [@B5], [@B6]\]. LT from cadaveric or living related donors has now become a common treatment for patients with HCC in most developed centers worldwide.

The limited availability of donor organs is a general problem in transplantation. While awaiting a donor organ, patients with HCC may be excluded from the 'waiting list' due to tumor progression. Locoregional therapy (LRT), such percutaneous ethanol injection, radiofrequency ablation (RFA), transarterial embolization (TAE), transarterial chemoembolization (TACE), stereotactic radiotherapy and radioembolization, was developed to prevent tumor progression until a suitable donor organ became available \[[@B7]\]. This type of therapy is often referred to as a 'bridging' treatment; however, there may also be oncological benefits of locoregional action, which indicates that these methods should be considered for use beyond the 'bridge' to transplantation in wait-listed patients. Therefore, the practice of treating HCC patients with LRT has also become a standard procedure before LT in most centers.

However, peritoneal recurrences of HCC are uncommon, especially in patients who have undergone LT. We experienced the cases of two patients with HCC peritoneal recurrence, occurring 19 and 32 months after LT, respectively, and herein describe these cases and provide a review of the literature.

Case Reports {#sec1_2}
============

Between August 1997 and September 2014, 74 out of 210 recipients underwent living donor LT (LDLT) at the Department of Surgery of Nagasaki University Hospital for HCC evaluated by ultrasound, multispiral computed tomography and/or gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid contrasted magnetic resonance imaging (Gd-EOB-DTPA MRI). Most of the patients were accepted for LDLT within the Milan criteria.

The HCC recurrence rate in this series was 5.4%, meaning that only four of the 74 patients developed a recurrence of HCC after transplantation since we strictly followed the Milan criteria. Among them, two recipients had typical types of recurrences: one patient had recurrence in the liver and another had recurrence in the lung and liver. These two patients are not presented in the current study. The cases of the other two patients with peritoneal recurrence of HCC are presented below.

Case 1 {#sec2_1}
------

A 52-year-old male patient had been diagnosed with liver cirrhosis due to HBV infection in 1980 and had been without regular follow-up due to lack of desire on his part. In 2008, he was diagnosed with three nodules of HCC in S4 and S5, the largest being 35 mm in diameter (fig. [1a](#F1){ref-type="fig"}). Two months after these findings, the patient had rupture of the HCC nodule in S5 and received urgent TAE for hemostasis (fig. [1b](#F1){ref-type="fig"}). He underwent LDLT 3 months after the episode of ruptured HCC (fig. [2a, b](#F2){ref-type="fig"}), with a Child-Turcotte-Pugh (CTP) class of C (10 points), a model of end-stage liver disease (MELD) score of 10 points, and also had HCC within the Milan criteria (fig. [2c, d](#F2){ref-type="fig"}). The tumor marker levels before transplantation showed an increase in the PIVKA II level up to 423 mAU/ml, with a normal AFP level of 7.5 ng/dl. The patient was also treated following the general clinical and immunosuppressive protocol.

Peritoneal dissemination was diagnosed in this patient 32 months after LDLT (fig. [3](#F3){ref-type="fig"}). He started to receive adjuvant therapy with sorafenib 400 mg without evident benefit, then after 1 month of this treatment was changed for to tegafur and uracil 400 mg, but after another 1 month this was also stopped due to lack of efficacy. After 6 months, the patient developed strong intra-abdominal pain, probably connected with the dissemination of the peritoneal tumor, and received palliative therapy. He died due to the progression of disease 70 months after transplantation. Maintenance immunosuppressive therapy was under tacrolimus with a trough level of 3--5 ng/μl without any signs of rejection. This patient was the only one who had ruptured HCC before LDLT in our series.

Case 2 {#sec2_2}
------

A 62-year-old male patient with liver cirrhosis due to HCV infection since 1993 was found to have HCC in 2003 and underwent caudate lobe resection. After surgery, he received antiviral therapy, with a sustained virological response to antiviral therapy by interferon plus ribavirin. Four months after the liver resection the patient was found to have HCC recurrence in the liver, and during the next 3 years, he consequentially received several TAE/TACE procedures for HCC in S2, S4 and S7, percutaneous ethanol injection for HCC in S7 and RFA for HCC in S2, with good clinical and roentgenological outcomes.

Thirty-eight months after the initial finding of HCC, the patient underwent LDLT from his daughter, using a left lobe graft, and his treatment followed the general clinical protocol of the center, including immunosuppressive therapy. A few days before transplantation, the patient\'s prognostic criteria presented with CTP class C (10 points), a MELD score of 10 points and HCC within the Milan criteria. The tumor marker levels were normal: AFP 1.9 ng/dl and PIVKA II 24 mAU/ml. Histopathological study of the explanted liver showed no evidence of malignancy.

However, with elevation of AFP 19 months after LT, a single nodule of peritoneal tumor in the pelvic cavity was observed under PET/CT. Within 1 month the patient underwent peritoneal tumor resection, and histopathological investigation of the tumor revealed moderately differentiated HCC. After 3 months, the patient was accepted for adjuvant therapy with sorafenib 400 mg, but at the same time, he was observed to have recurrence of the pelvic tumor, with invasion in the rectum, and it was noted that he also had liver recurrence. TACE was performed for both the pelvis and liver tumors, and thereafter the patient was supported with palliative treatment. After about 1 month of this treatment, the patient asked to be discharged so he could go home, where he died within 3 months. Overall, the patient survived 46 months after LT. Maintenance immunosuppressive therapy was under cyclosporine with the trough level of 50--100 ng/μl without any signs of rejection. This case was partly reported in our previous publication \[[@B8]\].

Discussion {#sec1_3}
==========

Belghiti and Fuks \[[@B9]\] consider LT to be the most popular therapeutic option for HCC, because hepatectomy removes all detectable and undetectable tumor nodules and preneoplastic lesions, as well as simultaneously treating the underlying cirrhosis and preventing its distant complications. However, a major cause of death in cirrhotic patients with HCC after transplantation is tumor recurrence, which developed in 3--26% of cases \[[@B10], [@B11], [@B12]\]. Avoidance of recurrence is currently not possible due to the lack of established adjuvant therapies; therefore, only adequate patient selection and preoperative management are used to ensure acceptable recurrence rates for most centers, achieving excellent survival after LT. Chemotherapy for HCC has no proven benefit \[[@B13], [@B14]\]. On the other side, the rate of HCC recurrence after LT is lower than that after liver resection or any other type of treatment, which may be up to 80% \[[@B15], [@B16], [@B17]\].

Peritoneal recurrences of HCC are uncommon \[[@B18]\]. The risk factors after liver resection (tumor size \>50 mm, presence of microvascular invasion, bile duct invasion, positive resection margins) were proposed in a study presented by Kow et al. \[[@B19]\], which included 36 patients with peritoneal recurrence of HCC among a total 1,222 cases who underwent liver resection. The authors also consider peritoneal metastases as an incurable terminal disease rarely suitable for surgical resection. Nakayama et al. \[[@B20]\] presented six cases observed and treated in one center without LT, and several single case reports of peritoneal recurrences of HCC in patients treated without LT have been published worldwide.

Peritoneal recurrences of HCC after LT are rare. The largest study presented in English describes only two cases of peritoneal recurrence among 685 transplanted patients, including 202 with HCC \[[@B21]\]. This may demonstrate another benefit of LT for HCC management compared to liver resection or treatments. Tumor dissemination due to HCC rupture could be a possible mechanism underlying the distant tumor recurrence in our second case. A few case reports have described peritoneal metastasis after ruptured HCC. Chow et al. \[[@B22]\] described their case of peritoneal tumor implantation after ruptured HCC, concluding that such recurrence may occur months to years after the initial presentation. Therefore, indication of LT after ruptured HCC should be carefully evaluated including staging laparoscopy. Ablative LRT techniques, including RFA and TACE, are used to promote tumor necrosis to control the progression of HCC. However, the potential impact of aggressive LRT on HCC recurrence, especially in distant sites, is still unclear and should be discussed including our previous study \[[@B8]\]. With regard to other possible predictors of distant recurrence of HCC, there is a consensus on the negative impact of pharmacological immunosuppression on the recurrence of HCC \[[@B23], [@B24]\]. Welker et al. \[[@B25]\] showed that lower levels of immunosuppressive agents are associated with a lower risk for HCC recurrence.

In conclusion, we propose that HCC peritoneal recurrence is a rare complication for patients after LT, but that it can appear, especially when a patient has any background factors that might lead to recurrence before LT, such as ruptured HCC or LRT for HCC tumors. We have experienced two such cases, both of whom underwent LT within the Milan criteria. Due to disappointing outcomes of chemotherapy for HCC, it may be necessary to establish a screening program for patients who have a ruptured HCC or have received LRT before LT.
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